Sir -Workman et al. have provided a detailed critique on one of the implications of the data presented in our recent paper (Marshall et al., 1989) , namely that the enzyme DT-diaphorase may play a role in the selection or design of chemotherapeutic agents aimed at controlling hypoxic tumour cell populations. We share their concern regarding the use of the DTdiaphorase inhibitor dicoumarol in cell survival experiments, for, as we indicated in our paper, other authors have shown that this agent is capable of producing additional intracellular effects, especially at high concentrations.
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The identification and purification of DT-diaphorase from various sources is essential to determining its role in the metabolism of specific quinone-containing compounds. However, 'homogeneous' preparations of DT-diaphorase from rat liver have been purified further to isolate different isoforms which differ in their immunological activities and specific activities towards various electron acceptors (Segura-Aguilar & Lind, 1987) . Two isozymes purified from murine liver have been identified as hydrophilic and hydrophobic which differ, among other criteria, in their mechanism of inhibition by dicoumarol (Prochaska & Talalay, 1987) . It will be useful to isolate and investigate the various isozymes of DT-diaphorase and investigate these with respect to their ability to reduce specific quinones before definitive conclusions can be drawn concerning substrate specificity.
In their initial isolation and characterisation of DT-diaphorase, Ernster et al. (1962) indicated that various 'activators', such as bovine serum albumin or individual nonionic detergents, increase maximal velocity and substrate affinity of the enzyme. It is unclear exactly what activators may modify the metabolism of quinones in the cellular milieu. Ernster has also determined that various quinones inhibit DT-diaphorase activity when used above certain concentrations, with exaggerated inhibition being noted in the absence of activators (Ernster, 1967) . In the work of Schlager and Powis (1988) , MMC concentrations of 50 gm or greater were required to inhibit DT-diaphorase in cell-free preparations. It is difficult to extrapolate the role of such inhibition to cellular experiments as intracellular concentrations of MMC are not so easily determined. However, in our investigation of MMC resistance, extracellular concentrations of 3 lsm and lower were clearly sufficient to differentiate between the resistant and normal cell strains. The task of comparing intracellular results to the cell-free system may be further complicated by the potential loss of as much as 90% of the cytosolic DT-diaphorase activity during isolation from cell preparations (Schlager & Powis, 1988) . Thus, while such analysis of DT-diaphorase is helpful to any final decision as to its role in MMC metabolism, the extrapolation of such data to the cellular situation will require consideration of a multitude of such factors.
The interplay between various cellular enzyme systems adds further complexity to the study of quinone metabolism. Co-ordinate increases in DT-diaphorase activity with enzymes such as cytochrome P-450 reductase and glutathione S transferase have been well documented (Delong et al., 1987; Pickett, 1987) . However, increased DT-diaphorase activity has also been demonstrated in the absence of alterations in cytochrome P450 reductase activity (Begleiter et al., 1988) . Cells with this increased DT-diaphorase activity do have increased sensitivity to MMC (Leith et al., 1989) . We are continuing our studies of the MMC resistant cells with decreased DT-diaphorase activity to determine to what degree alterations in other enzymes may have occurred.
While we have identified a clear association between aerobic MMC resistance and decreased DT-diaphorase activity, the direct dependence of the former upon the latter is not proven. We have recently examined other diploid cell strains derived from additional members of this cancer-prone family and again find a correlation between decreased DT-diaphorase activity and decreased MMC cytotoxicity under aerobic conditions (Marshall et al., unpublished data) . The fact that DT-diaphorase levels correlate with aerobic MMC sensitivity in at least three cell systems (Begleiter et al., 1989; Dulhanty et al., 1989; Marshall et al., 1989) suggests that it is not a random event; whether other linked enzyme systems are involved and the specific nature of such interdependences will require further investigation. To this end it will be crucial to characterise the structural genes and any cis-and trans-acting factors controlling the expression of DT-diaphorase and related enzyme systems. R. Marshall and A.M 
